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Abstract 
The Doosan Babcock, SSE and Vattenfall consortium successfully completed the two year test programme on the 
CCPilot100+ post combustion carbon capture (PCC) pilot plant at SSE’s Ferrybridge Power Station in December 
2013. 
 
The 100 tonne CO2/day (15MWt, 5MWe equivalent) CCPilot100+ PCC pilot plant, using Doosan Babcock’s PCC 
technology, was the first of its size to be integrated into a live power plant in the UK.   It was designed to 
demonstrate scale-up of the PCC process and provides a stepping stone from process characterisation on Doosan 
Babcock’s 1 tonne CO2/day (160kWt) Emissions Reduction Test Facility (ERTF) to commercial-scale (150MWe 
plus) plant. 
 
Benchmark performance on 30% w/w monoethanolamine (MEA) solvent was first established, followed by 
extensive parametric and long-term performance testing using the RS-2TM solvent. 
 
The paper presents an overview of the CCPilot100+.   It describes the test programme, measurements made, test 
results, operating experience gained and some of the key lessons learned. 
 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of GHGT. 
Keywords: Carbon Capture; Post Combustion; Amine 
 
 
* Corresponding author. Tel.: + 44 141 886 4141; fax: + 44 141 885 3338. 
E-mail address: david.fitzgerald@doosan.com 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of GHGT-12
6240   F.D. Fitzgerald et al. /  Energy Procedia  63 ( 2014 )  6239 – 6251 
1. Introduction 
The Doosan Babcock, SSE and Vattenfall consortium successfully completed the two year test programme on the 
CCPilot100+ post combustion carbon capture (PCC) pilot plant at SSE’s Ferrybridge Power Station in December 
2013. 
 
The 100 tonne CO2/day (15MWt, 5MWe equivalent) CCPilot100+ PCC pilot plant, using Doosan Babcock’s PCC 
technology, was the first of its size to be integrated into a live power plant in the UK.   It was designed to 
demonstrate scale-up of the PCC process and provides a stepping stone from process characterisation on Doosan 
Babcock’s 1 tonne CO2/day (160kWt) Emissions Reduction Test Facility (ERTF) to commercial-scale (150MWe 
plus) plant.   The experience gained during the development and operation of Doosan Babcock’s Emissions 
Reduction Test Facility (ERTF) PCC pilot plant has been used in both the CCPilot100+ plant design and test 
programme development. 
 
The project was co-funded by the project partners: SSE, Vattenfall AB, the Technology Strategy Board (TSB), 
the Department of Energy and Climate Change (DECC), The Northern Way and Doosan Babcock.   Doosan 
Babcock were responsible for plant design, execution of the EPC project and management of the test programme.   
SSE hosted the project and operated the plant and Vattenfall provided PCC pilot plant test programme and operating 
experience.   The Universities of Edinburgh, Leeds, Nottingham and Sheffield (CCPilot100+ Partner Universities) 
carried out complementary research and development programmes.   A training programme for the Partner 
Universities and several other Universities was developed and the CCPilot100+ Project collaborated with a number 
of TSB-funded development projects. 
 
The two year test programme started in the first quarter of 2012.   The test programme and long-term operation of 
the CCPilot100+ aimed to optimise the PCC process and provide the data to develop and validate performance 
models.   The test programme successfully demonstrated the capability of the process over the range of operating 
conditions, including flexible operation, that exist in power plant resulting from modern day electrical demand. 
 
Benchmark performance on 30% w/w monoethanolamine (MEA) solvent was first established, followed by 
extensive parametric and long-term performance testing using the RS-2TM solvent.   State of the art gaseous and 
liquid analysis systems were tested on the CCPilot100+ allowing recommendations to be made regarding their 
accuracy, repeatability and reliability for application to future full-scale plant operations.   The test programmes 
included extensive on-line gas stream composition measurements and two manual gas sampling campaigns (during 
the RS-2TM test programme) to gain a detailed understanding of the gas stream compositions. 
 
The plant operated successfully for some 2055 hours and cycled through more than 270 start-up and shut-down 
sequences, thereby aiding in optimisation of the CCPilot100+ control system. 
 
The CCPilot100+ was operated under an Environment Agency (EA) Variation Notice of the Ferrybridge C Power 
Station Permit.   The EA reviewed and approved the emission measurement methods, instrumentation and sampling 
equipment and completed an Operator Monitoring Assessment (OMA) audit.  The OMA audit was the first to be 
carried out on a UK PCC plant of any scale and the CCPilot100+ achieved a score of 89%. 
 
2. Objectives 
The project objectives were to design, construct, commission and test the Doosan Babcock post combustion CO2 
capture (PCC) technology at a scale of 100 tonne CO2/day. 
 
The test campaigns comprised a combination of parametric testing and exposure testing in order to: 
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x Assess the durability of the solvent.  
x Permit process optimisation.  
x Provide data on plant design and scale-up. 
 
3. Plant Description 
The CCPilot100+ was designed to capture 100 tonnes/day of CO2 from an approximately 1% flue gas slipstream 
from the coal-fired Ferrybridge Power Station’s Unit 4, downstream of the Unit 4 flue gas desulphurisation (FGD) 
plant.   A schematic diagram and photograph of the plant are presented in Figures 1 and 2 respectively 
 
 
 
Figure 1. CCPilot100+ Schematic Diagram 
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Figure 2. CCPilot100+ 
 
3.1 Flue Gas Pre-Treatment 
PCC plant requires some flue gas upstream processing in coal-fired applications due to the detrimental impact of 
acid gas components on the solvent life.   These components, such as SO2, SO3, NO2 and halides, in the flue gas 
react with the solvents to produce un-reactive heat stable salts (HSS).   The HSS have to be removed, or converted 
back into amine where possible, and require replacement by fresh solvent to prevent loss to the CO2 capture rate and 
reduction of process efficiency. 
 
It is normally recommended that PCC plant inlet SO2 concentration does not exceed 10 ppmv.   Consequently, 
an FGD polisher using sodium hydroxide was installed in the CCPilot100+ to remove greater than 88.5% of the inlet 
(Unit 4 FGD plant outlet) SO2. 
 
The FGD polisher also removes particulates and some SO3 mist to achieve a target treated flue gas composition 
as follows: 
 
x SO2 <30 mg/ Nm3 (11.5ppmv) dry at 6% O2. 
x SO3 mist <50 mg/ Nm3 (15ppmv) dry at 6% O2. 
x Particulates <10 mg/ Nm3 at 6% O2. 
 
Since NO2 contributes less than 5% of the total NOx content of coal flue gas, normal in-furnace NOx reduction 
technologies, in this case low NOx burners and boosted over-fire air (BOFA), were anticipated to be sufficient to 
minimise the impact of nitrate salt formation.   Halides are also largely removed in the existing wet limestone-
gypsum FGD plant. 
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3.2 PCC Booster Fan 
A dedicated PCC booster fan draws the flue gas through the FGD polisher and increases its pressure sufficiently 
to pass it through the downstream direct contact cooler (DCC) column and the CO2 absorber column (including 
wash section) prior to being passed back to the main Unit 4 flue gas duct and exhausted to atmosphere via the main 
station stack. 
3.3 Direct Contact Cooler 
Optimal PCC performance is achieved at relatively low flue gas temperature i.e. 30°C to 40°C, with the 
CCPilot100+ normal operating temperature designed at 35°C.   A direct contact cooler (DCC) is installed 
downstream of the FGD polisher to cool the flue gas from the typical Unit 4 FGD outlet temperature of 
approximately 55°C to achieve the required PCC inlet temperature. 
3.4 Absorber Column 
The CO2 absorber column is a multi-stage packed column where CO2 lean solvent enters the top and CO2 laden 
flue gas flows counter current from the bottom.   The solvent flowing down the packing forms a thin film over the 
surface of the structured packing material, allowing maximum gas-liquid interfacial contact within the column.   The 
contact area allows both the diffusion of the CO2 into the solvent surface as well as the reaction between the solvent 
and the CO2 to take place, capturing the CO2 from the flue gas.   The solvent flows down through multiple sections 
of packing, with collection and re-distribution between each section of packing material to ensure even solvent 
distribution throughout the height of the column.   The resultant CO2 rich solvent is pumped from the column to the 
Lean/Rich heat exchanger. 
 
The absorber off-gas is combined with the CO2 product gas and returned to the Unit 4 flue gas duct for exhaust 
to atmosphere via the main station stack. 
3.5 Water Wash 
A water wash section located at the top of the absorber column is used to recover evaporated/entrained solvent 
and degradation products before the remaining flue gas (termed off-gas) is returned to the main flue gas stream.   
Water recirculation rate and temperature are controlled to meet water balance and emission level requirements in the 
flue gas. 
3.6 Lean/Rich Heat Exchanger 
The Lean/Rich heat exchanger uses hot lean solvent to heat the rich solvent partially before it enters the stripper 
column.   The heating initiates the CO2 stripping process whereby some of the CO2 is liberated into gaseous form at 
this location resulting in a two-phase fluid being passed to the stripper inlet.   The hot lean solvent is cooled as close 
as possible to the required absorber inlet temperature.   Additional cooling in the lean solvent cooler is required to 
achieve the desired temperature. 
3.7 Stripper Column 
CO2 rich solvent is fed into the top of the stripper column and flows downwards through packing sections.   Hot 
vapour is generated by heating the solvent in the reboiler located at the bottom of the stripper column.   The vapour 
comprises predominantly steam and released CO2, with traces of solvent.   Termed ‘stripping steam’, the vapour 
flows up through the stripper packed sections and exchanges heat with the falling rich solvent liquid which further 
releases the CO2, thereby regenerating the solvent. 
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The semi-lean solvent collects in the stripper column sump, is drawn to the reboiler by a thermosyphon 
arrangement and is heated by condensing steam in a plate-type reboiler.   This heating is the primary source of the 
vapour required for the regeneration of solvent within the packing of the column. 
 
In the CCPilot100+, the CO2 product gas is combined with the absorber off-gas and returned to the Unit 4 flue 
gas duct for exhaust to atmosphere via the main station stack.   In a commercial installation, the CO2 product gas 
would be sent for storage or beneficial use. 
3.8 Reboiler 
A plate and frame type thermosyphon reboiler uses low pressure steam from the Unit 4 feed water heating 
system to heat the semi-lean solvent that is drawn from the stripper column sump. 
3.9 Solvent Reclaimer 
In the CO2 absorption/stripping process, the solvent is unavoidably contacted with acid gases present in the 
flue gas and pipework system corrosion products, with which it can react to produce degradation products such as 
heat stable salts (HSS), consequently decreasing solvent effectiveness and generating products that ultimately 
require removal from the solvent solution and disposal. 
 
The reclaimer unit is designed to process a slipstream flow of lean solvent, drawn from downstream of the lean 
solvent cooler.   The reclaimer uses ion exchange technology to remove the ionic degradation products present 
within the system by operating as a ‘continuous batch’ process, comprising two ion exchange vessels at opposing 
sides of a processing / regeneration cycle. 
 
The regeneration step of the resin is carried out using sodium hydroxide (NaOH) solution (25%w/w), which 
replaces the ionic salt molecules with OH- ions on the resin active sites, returning the resin to its original state, in 
readiness for the treatment of a further volume of solvent. 
4. Test Parameters 
Key parameters investigated during the test programme included: 
 
x CO2 capture rate and product compositions 
x Reboiler steam consumption 
x Amine and degradation product atmospheric emissions 
x Absorber column efficiency 
x Column CO2 composition and temperature profiles 
x Power and water consumptions under differing operating regimes 
x Use of different process configurations to optimise thermal integration 
x Solvent testing and formulation for efficiency and durability 
x Ion exchange solvent reclamation technology assessment 
x Performance of construction materials including polymers 
x Comparison of performance with other pilot plant for scale-up 
 
Test measurements included: 
 
x Gas and solvent flow rates, temperatures and pressures. 
x On-Line Gas Analysis 
o Fourier Transform Infra-Red (FTIR) analyser – Extractive multi-point heated sampling 
system 
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o Ammonia Tuneable Diode Laser – Cross-duct, non-extractive 
o ppm Oxygen Micro-Fuel Cell – Extractive, cold sampling system 
x Manual Gas Analysis 
o FGD Polisher Performance 
o PCC-Based Emissions 
 Solvent Carryover 
 Degradation Products 
x On-Line Solvent Analysis 
o Solvent Concentration – On-Line Titration 
o CO2 Loading – On-Line Titration 
x Off-Line Solvent Analysis 
o Solvent Composition – Ion Chromatography 
o Solvent Concentration - Titration 
o CO2 Loading – Titration and Gas/Liquid Displacement 
 
5. Key Results 
5.1 CO2 Capture Efficiency and Solvent Regeneration Energy 
 
90% CO2 capture was successfully demonstrated at 100 tonne CO2 capture per day on MEA and up to 120 tonne 
CO2 capture per day on RS-2TM. 
 
The MEA baseline regeneration energy was 3.5 GJ/tonne CO2, which is in agreement with MEA performance 
results from other pilot plants.   The RS-2TM tests covered a capture rate range of approximately 56 to 120 tonne 
CO2/day.   Capture efficiencies of up to 90% were achieved for all the tested capture rates and the solvent 
regeneration energy showed a significant reduction compared with MEA. 
 
5.2 Transient Operation 
 
Process transient behaviour tests were completed for step and ramped load changes.   There was no significant 
deterioration in solvent regeneration energy requirement relative to steady state conditions in any of the cases. 
 
CO2 capture efficiency deteriorated during the transient processes, but quickly recovered once the plant was 
returned to steady operation. 
 
5.3 Solvent Formulation 
 
Solvent formulation was not developed in the CCPilot100+.   However, the importance of maintaining RS-2TM 
composition and the process water balance were highlighted.   On-line solvent concentration measurements and the 
ability to assess the solvent loading were also developed to ensure solvent concentration was maintained within 
acceptable limits. 
 
Solvent degradation through the test programmes was monitored as the development of heat stable salts (HSS).   
MEA showed low degradation rates for the first 600 hours of exposure to flue gas followed by rapid development of 
degradation products during further exposure.   RS-2TM showed similar behaviour for the first 600 hours of 
exposure, but there was insufficient subsequent exposure to confirm whether it showed similar behaviour to MEA.   
Evidence was gained that suggested that RS-2TM is stable to O2 exposure. 
 
Solvent degradation products have been identified and quantified through solvent analyses carried out by the 
University of Nottingham and the reclaimer supplier. 
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Bespoke analytical protocols were developed in-house for the on-line and off-line analyses. 
 
5.3.3 Solvent Reclaimer 
 
The ion-exchange reclaimer technology was successfully demonstrated to be effective in removing ionic species 
from the solvent.   Additional process stages would be required to make it effective in removing all degradation 
product species. 
 
5.4 Gaseous Emissions 
 
The measurement and minimisation of solvent and degradation product carryover and acid gas emissions were 
major features of the CCPilot100+ test programme.   Of particular importance was the ability to monitor the species 
continuously, where possible. 
 
The instrumentation selected for the CCPilot100+ covered the range of flue gas components and compositions 
expected in this type of application.   A multi-point flue gas sampling system was designed to measure flue gas 
composition at a number of locations and suitably condition the flue gas for analysis.   The gas analysis sample 
points were: G1: FGD polisher inlet, G2: absorber inlet, G3: absorber outlet (off-gas), G4: stripper outlet (CO2 
product) and G5: mixed gas return to the Unit 4 flue gas duct. 
 
5.4.1 Analyser Selection – Monoethanolamine Detection Performance 
 
The novel nature, composition and low concentrations of components in the CCPilot100+ exhaust gas prevented 
the use of the established power plant Continuous Emissions Monitoring System (CEMS) analytical 
instrumentation. 
 
The Environment Agency authorisation of the CCPilot100+ to operate included the requirement to measure 
amine emissions from the plant and estimate the cumulative amine emission, over the full test programme.   Gas 
phase MEA and RS-2TM component concentration measurements from several points in the plant were also required 
for the success of the test programme. 
 
Previous carbon capture pilot plant studies in Europe had shown encouraging results for Fourier Transform 
Infra-Red (FTIR) analyser trace MEA measurements, although there had been some concerns about accuracy and 
amine selectivity. 
 
A portable Fourier Transform Infra-Red (FTIR) spectrometer was installed and successfully tested.   The FTIR is 
capable of measuring MEA, CO2, CO, H2O, NOx and SO2, with % O2 measured separately in the dedicated sample 
conditioning system. 
 
5.4.2 Gas Analysis Results 
 
Typical power plant flue gas constituents, i.e. NOx, SO2, O2, CO2 and water vapour, were monitored at all flue 
gas locations, MEA and RS-2TM solvent carryover and degradation product NH3 emissions were measured at the 
process exhausts.   The parameters were monitored during CCPilot100+ operation to assess process performance 
and characterise the CCPilot100+ emissions to the main boiler plant. 
 
Although CO2 product composition is predominantly CO2 and water vapour, with single digit ppmv 
concentrations, or less, of contaminants, it was also monitored, at G4, for process performance assessment. 
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The plant inlet NOx, SO2, O2, CO2, HCl and CO concentrations were all typical of coal-fired utility boiler plant 
sharing the Ferrybridge Unit 4 configuration. 
 
NO concentration appeared not to change from CCPilot100+ plant inlet to outlet, which is in line with the 
expectation that NO is not soluble in the amine solvent. 
 
CO2 product gas O2 concentrations were below 10 ppm. 
 
Water vapour concentrations throughout the CCPilot100+ plant were close to values predicted for water 
saturated conditions. 
 
CCPilot100+ FGD polisher outlet SO2 levels were typically controlled to below 10 ppm.   As expected, SO2 was 
completely removed from the flue gas by the MEA and RS-2TM solvents. 
 
Plant inlet hydrogen chloride concentrations were below detection levels.  
 
The CCPilot100+ gas phase MEA concentrations were higher during the MEA and RS-2TM test programmes 
than those predicted by process simulation modelling and those encountered during other amine-based carbon 
capture pilot plant trials.   See Section 5.4.2.1 for comment regarding gaseous emissions control. 
 
The CCPilot100+ gas phase RS-2TM Solvent 2 emissions were consistently lower than the MEA emissions.   
This is expected since Solvent 2 has a lower volatility than MEA. 
 
In both the MEA and RS-2TM test campaigns, CCPilot100+ ammonia levels were higher than those predicted by 
process simulation modelling or those encountered during previous amine-based carbon capture pilot plant trials.   
See Section 5.4.2.1 for comment regarding gaseous emissions control. 
 
5.4.2.1. Amine and Ammonia Emissions Excursions ‘Spiking’ 
 
In previous studies on other amine-based carbon capture pilot plant, there was evidence of amine emissions 
suddenly increasing by orders of magnitude.   It was postulated that this was caused by ‘fogging’, the entrainment of 
amine vapour on particulates/aerosols entering or generated by the PCC process. 
 
Although daily average amine emissions remained consistent throughout the MEA programme, indicating 
fogging either existed throughout the MEA campaign or was absent, in the RS-2TM campaign, periods of excessive 
amine and ammonia emissions (‘spikes’) were encountered.   There was no evidence that controlled changes to 
process conditions caused excessive amine emissions. 
 
Ammonia emission levels gradually increased over the test programme with increasing solvent degradation. 
 
It should be noted that the CCPilot100+ had a single stage water wash and (far) better off-gas emissions control 
would be expected from a multi-stage water wash system or other engineering approaches that are under 
development by column packing manufacturers.  
 
5.4.2.2 Hydrogen Chloride Dosing Trials – ‘Fogging’ 
 
The introduction of hydrogen chloride gas caused an immediate and dramatic increase in absorber off-gas MEA 
and RS-2TM Solvent 2 emissions. 
 
The close relationship between HCl injection rate changes and amine emission spikes strongly suggest that the 
hydrogen chloride reacts with the absorber inlet water vapour to generate aerosols, which in turn absorb/entrain the 
amines. 
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5.4.2.3 Manual Emissions Measurements 
 
Two manual sampling measurement campaigns were carried out during the RS-2TM test campaign (during 
October and December 2013). The objectives of these were: 
 
x To detect typical trace component amine degradation products not measureable by commercial FTIR 
instruments. 
x To assess the analytical performance of the FTIR, in particular for amine analysis. 
x To meet emissions monitoring obligations set by the Environment Agency, with particular reference to 
nitrosamines emissions. 
 
Using experience gained in previous measurement campaigns for European collaborative projects, CCPilot100+ 
partners Doosan Babcock and Vattenfall identified representative amine degradation product components and 
selected a suitably experienced measurement organisation to undertake the novel and difficult sampling and analysis 
activities. 
 
Nitrosamine emissions were inconsistent, but very low.   In October 2013, total nitrosamine content was 
approximately 20 μg/m3, with three different nitrosamines identified and the highest concentration nitrosamine at 
approximately 10 μg/m3.   In December 2013, three different nitrosamines were detected, but none was above 1 
μg/m3 and only one of the three was present in the October 2013 analyses. 
 
The manual sampling campaigns were also used to assess the analytical performance of the FTIR for amine and 
ammonia measurement. 
 
Further research is required to clarify the amine and degradation product carryover mechanisms and prove 
proposed control strategies. 
 
6. Lessons Learned 
 
6.1 Commercial 
 
Early and open engagement with key stakeholders inside and outside the project team is vital to the success of a 
complicated R&D project such as the CCPilot100+. 
 
6.2 Technical 
 
The CCPilot100+ project has provided a much better understanding of the PCC process and how it can be 
scaled-up for commercial implementation.   The findings include knowledge of solvent behaviour under different 
operating regimes, operational requirements of key plant and equipment and the effects of power plant operational 
excursions on PCC process performance. 
 
7. Partnerships 
 
A number of partnerships were established during the CCPilot100+ project.   They included the Environment 
Agency, the local supply chain, academia and a number of other TSB and DECC-funded projects. 
 
7.1 Environment Agency 
 
A good working relationship was developed between the CCPilot100+ project and the Environment Agency 
(EA). 
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Specific activities were undertaken and adhered to as part of the EA authorisation to operate the CCPilot100+ 
pilot plant.   These include sampling and analysis of flue gas emissions. 
 
7.1.1 Flue Gas Amine Emissions 
 
An estimate of the total flue gas amine emission rate from the CCPilot100+ flue gas to stack was provided to the 
EA at quarterly intervals.   Due to the confidential nature of the solvent amine blend used in parts of the test 
programme, the EA agreed to treat the solvent amine emissions on the basis of their toxicity relative to MEA using 
Equivalent Air Exposure Limits (EALs). 
 
However, as there are currently no EALs available for either MEA or any of the proposed solvent amines, 
theoretical EALs were derived from UK Work Exposure Limits and factors derived from toxicological studies 
carried out by the Norwegian Institute of Air Research (NILU).   This approach was accepted by the EA. 
 
Daily measured Mixed Gas to Stack (G5) amine emission concentrations, booster fan inlet flue gas volumetric 
flow rate and the duration of CCPilot100+ plant flue gas operation were used to derive the Equivalent MEA 
emission rate in kg/Quarter. 
 
7.1.2 Flue Gas CO2 Emissions 
 
An estimate of the total flue gas CO2 emission rate from the CCPilot100+ flue gas to stack was provided to the 
EA at quarterly intervals.   Daily measured Mixed Gas to Stack (G5) CO2 emission concentration, booster fan inlet 
flue gas volumetric flow rate and the duration of CCPilot100+ plant flue gas operation were used to derive the CO2 
emission rate in tonnes/Quarter. 
 
7.1.3 Environment Agency Operator Monitoring Assessment Audit 
 
The EA used the CCPilot100+ pilot plant to undertake the first Operator Monitoring Assessment Audit of a 
carbon capture facility in the UK.  
 
The Environment Agency introduced the Operator Monitoring Assessment (OMA) scheme to strengthen its 
auditing of operators’ self-monitoring arrangements.   OMA is already applicable to the monitoring of emissions to 
air from industrial installations regulated under the Environmental Permitting Regulations (EPR). 
 
The OMA scheme is used by the EA to: 
 
x Assess the quality and reliability of operators’ self-monitoring (including monitoring undertaken on behalf 
of operators by contractors) as required by their permit 
x Identify monitoring shortfalls and potential areas for improvements 
x Contribute to the targeting and prioritisation of the independent monitoring of point source emissions. 
 
The Environment Agency performed the Operator Monitoring Assessment in September 2012 and found the 
provisions for process monitoring were effective, and that they were supported by a management system that 
included a comprehensive set of procedures for the pilot plant.   The OMA Audit determined a score of 89%, 
demonstrating the high reliability of the monitoring data. 
 
7.2 Local Supply Chain 
 
Key relationships were developed with equipment suppliers, including: 
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x Gas-liquid contact column packing and internals 
x Plate heat exchangers 
x Gas booster fan 
x Solvent pumps 
x Reclaimer 
x Laboratory analytical equipment 
x On-line liquid analysers 
x Gas analysis equipment 
x Distributed control system 
 
Key relationships were also developed with the solvent suppliers and waste disposal contractors. 
 
7.3 Academia 
 
7.3.1 Complementary R&D Projects 
Six complementary R&D projects were carried out by the four Partner Universities.   The projects were 
variously carried out by post-graduate research students, post-doctoral research staff and academic staff.   All the 
projects received a small sum of funding from the CCPilot100+ project. 
 
7.3.2 One Month Secondments 
 
Twenty three four-week secondments were provided to research students from the four partner universities 
(Edinburgh, Leeds, Nottingham and Sheffield) and Imperial College London.   The four-week secondments took 
place at Ferrybridge Power Station and gave the students the opportunity to gain experience of an operating PCC 
plant and undertake plant-related projects. 
 
7.3.3 Industrial Awareness Module 
 
The Industrial Awareness Module (IAM) was run four times - one week for each of the four CCPilot100+ 
Partner Universities. 
 
The IAM was split between the Renfrew and Ferrybridge sites.   It included technical presentations on PCC and 
the CCPilot100+ project, site visits to the CCPilot100+ plant and Doosan Babcock’s laboratory and pilot plant 
facilities at its Renfrew base, safety training and interactive sessions (introductions to design safety, risk assessment 
and hazard and operability (HAZOP) studies). 
 
7.3.4 Day Visits 
 
Twelve day tours were run for groups from the four CCPilot100+ Partner Universities and eight other 
universities.   Each comprised up to 32 students, accompanied by university staff members.   Over 275 students 
attended the visits, which included a tour of Ferrybridge Power Station and the CCPilot100+ plant, lectures and 
group work relating to power generation, CO2 capture, CO2 sequestration and energy policy.   The students also had 
the opportunity to meet the plant operators and ask questions in person. 
 
7.3.5 Knowledge Transfer Through Continuing Professional Development 
 
The University of Leeds, Faculty of Engineering and Doosan Babcock collaborated to develop a new, cutting-
edge engineering continuing professional development (CPD) course, for both industry and postgraduate taught 
students (MSc), on Carbon Capture and Sequestration (CCS).   The package of training materials was also made 
available to the University of Strathclyde for use in its MSc in Power Plant Engineering. 
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7.4. Other TSB and DECC Projects 
 
The CCPilot100+ project collaborated with a number of other TSB and DECC-funded development projects.   
The projects included CO2 analyser development. CO2 leak detection system development and CO2 utilisation 
process development. 
 
8. Conclusions 
 
1. The CCPilot100+ project successfully demonstrated the Doosan Babcock post combustion CO2 capture 
(PCC) technology at the 100 tonne CO2/day scale. 
 
2. Capture rates in excess of 100 t CO2/day at capture efficiencies of up to 90% and greater were successfully 
achieved during steady state operation on MEA and RS-2TM solvents.   Repeatability was successfully 
demonstrated. 
 
3. RS-2TM regeneration energy showed a significant reduction compared with MEA. 
 
4. Process transient behaviour tests were completed for step and ramped load changes.   There was no 
significant deterioration in solvent regeneration energy requirement relative to steady state conditions in 
any of the cases.   CO2 capture efficiency deteriorated during the transient processes, but quickly recovered 
once the plant was returned to steady operation. 
 
5. Two manual sampling gaseous emission measurement campaigns were carried out during the RS-2TM test 
campaign (during October and December 2013).   Nitrosamine emissions were inconsistent, but very low. 
 
6. The plant and process were easy to operate and achieved stable long-term operation.   They were able to 
accommodate the transient fuel diet of the power station. 
 
7. The ion-exchange reclaimer technology was successfully demonstrated to be effective in removing ionic 
species from the solvent.   Additional process stages would be required to make it effective in removing all 
degradation product species. 
 
8. Key partnerships were developed with the Environment Agency, Partner Universities, equipment and 
solvent suppliers, waste disposal contractors and a number of other TSB-funded development projects. 
 
9. The experience gained during design, construction and testing of the CCPilot100+ provides an invaluable 
resource for the further scale-up of the PCC process and its commercial implementation. 
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